Abstract
patterns , it may limit our ability to identify subtle subgroupings.
48
The identification of substructure in a genome wide association study sample of healthy 
58
clustering is performed iteratively on nested datasets until no further substructure is detected, i.e. until a stopping criterion based on fixation index (F ST ) is satisfied. F ST is commonly used to measure genetic 60 distance between populations. The software developed to perform ipPCA has some shortcomings 61 though. Notably, it is limited to a MATLAB environment, which is not freely available. Also, outliers 62 can severely disturb the clustering analysis. These limitations are addressed in IPCAPS, which 63 improves the power of fine-scale population structure, while appropriately identifying and handling 64 outliers.
66

Implementation
67
The R package IPCAPS provides one synthetic dataset and seven functions: 
77
See the IPCAPS reference manual for details of the functions, arguments, default settings, and 78 for optional user-defined parameters.
79
The IPCAPS package implements unsupervised strategies that facilitate the detection of fine- 
91
Prior to clustering with IPCAPS, adequate data quality control (QC) steps need to be taken.
92
These are not supported by IPCAPS itself but can easily be performed in PLINK (1.9) [7] . Suggested 
98
Rather than performing 2-means clustering in PCA-space, at each iteration, IPCAPS
99
clustering potentially involves the consecutive application of 2 clustering modules. The first, which we 100 call rubikClust, is applied in the 3-dimensional space determined by the 3 first principal components
101
(axes) at an iteration step. Fig. 1-A) . However, application of IPCAPS on the simulated data and thus flexible use of PC
145
information and clustering stopping rules as described before, could clearly identify sample 146 substructure ( Fig. 1-B) . Non-outlying individuals were correctly assigned to their respective subgroups.
147
In a real-life data application, we considered four populations of HapMap (CEU, YRI, CHB, and JPT) 
153
including PC3 clearly improves the detection of substructure of four strata, but the authors do not give
154
recommendations on how to select the optimal number of non-linear PCs ( Fig. 1-C) . The iterative 155 approach adopted in IPCAPS can distinguish populations for which the internal substructure becomes 156 increasingly finer: CEU, YRI, CHB, and JPT populations are well separated by IPCAPS, which also 157 separates the genetically rather similar population CHB and JPT, with only one misclassified subject.
158
In addition, we obtained 560 unique SNPs after combining the top discriminators among four main 159 groups, while outliers were ignored ( Fig. 1-D) .
161
Conclusions
162
Fine-scale resolution of population substructure can be captured using independent SNPs once all 
